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Abstract 
The purpose of this study is to develop students’ knowledge and behavioural changes in relation to sustainability through a 
case study. Cooperative Problem-Based Learning (CPBL) was used as a teaching and learning approach among the first year 
chemical engineering students. A case study was designed to create a learning environment where students involved in the 
‘Waste to Wealth’ Campus Contest. A quantitative method was conducted. Data for the research were gathered through 
administrated a survey instrument at the beginning and end of semester. Structure of Observed Learning Outcomes (SOLO) 
taxonomy and Precaution Adoption Process Model (PAPM) of changing individual behaviour were used to measure the levels 
of students’ knowledge and behavioural changes, respectively. The findings showed that CPBL significantly developed 
students’ knowledge, and behavioural changes towards instilling the awareness of sustainable development. 
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1. Introduction 
Nowadays, learning sustainable development is a main issue that should be highlighted at all levels of 
education to inculcate the awareness of sustainability for maintaining and improving the quality of life for the 
present and future generation. Education about sustainable development can be introduced through formal, in-
formal and non-formal education. At national level through non-formal education, Centre for Environment, 
Technology & Development, Malaysia (CETDEM) under Sustainable Development Initiatives (SUDI) 
programme responsible on global sustainable issues by producing several objectives and areas. SUDI can assist 
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in achieving sustainability such as encourage more concerted and strategic approach to green technologies, 
reduce the adverse environmental impacts of development, increase natural resources productivity as a means of 
combating natural resources depletion. On the other hand, this also can ensure that Malaysia makes the transition 
to sustainable development with the minimal ecological and human costs. Improper waste management system, 
environmental degradation, unpredictable on climate change, water shortage and overloaded energy used are few 
examples of unsustainable phenomenon related to human activities.  
Several studies showed that Malaysian people awareness on sustainable development still at the low level to 
practicing [1-3]. While, Azapagic et. al. [4] also reported that a world-wide survey of undergraduate engineering 
students on how much they know about sustainable development was not satisfied. Regarding to this context, 
higher education institutions play the responsibility to educate future engineer with not only limited to technical 
knowledge and development of generic skills but also have sustainable thinking to assure the quality of life for 
the future generation. Therefore, to ensure success in the sustainable development, issues especially on 
sustainability should be carefully introduced and implemented in the educational system from pre-school to 
tertiary level. Teaching sustainability is not only to deliver the content of knowledge but current educators have a 
responsibility to create a learning environment which could extent students in practicing sustainable lifestyles. 
Furthermore, Darwish et. al. [5] argued that scientific knowledge is not able to solve the environmental problems; 
therefore attitude change is required, and this can be achieved through education. Mohd. Nor et. al. [6] suggested 
that course content and teaching and learning activities should be well structured and designed, not only for the 
purpose of merely knowledge transfer or skill transfer but must be together and even more on attitude 
development especially in environmental courses. Therefore, in this paper, CPBL model and its implementation 
in a sustainable case study taken by first year chemical engineering students which enrolled ‘Introduction to 
Engineering’ course was observed. A quantitative study through survey instrument was used to assess students’ 
knowledge and behavioural changes towards practicing sustainable lifestyles at the beginning and end of related 
semester. Structure of Observed Learning Outcomes (SOLO) taxonomy and Precaution Adoption Process Model 
(PAPM) of changing individual behaviour were used to measure the levels of students’ knowledge and 
behavioural changes, respectively. 
 
2. Cooperative Problem-based Learning (CPBL) 
 
Cooperative Problem-based Learning (CPBL) is a hybrid of two models of learning methods; Cooperative 
Learning (CL) and Problem-based Learning (PBL). It integrates cooperative learning principles into the PBL 
cycle [7]. CL was known to promote five principles; positive interdependence, individual accountability, face to 
face interaction, appropriate interpersonal skills and regular team role assessment [8]. In a team, social interaction 
among students can create collaboration in the learning activities. The positive learning environment would yield 
strong interaction among learners in a cooperative and supportive environment. Member in a team has a 
responsibility to support and facilitate each other’s effort to reach the goal. Several studies of cooperative 
learning have been conducted in Malaysian context such as Zahariah et al., [9] have found that cooperative 
learning promoted positive relations among students and there was a tendency to be more cooperative among the 
peer members in discussing and solving problems.  
Problem-Based Learning (PBL) is an inductive learning approach that has been used successfully for over 30 
years [10]. It embeds small groups of students and presents them with a messy, unstructured, realistic (if not real) 
problem, to solve. The problem should be well crafted to engage and immerse students in learning new issues. 
Instead, students are guided through a PBL cycle that helps them to identify and construct new knowledge that is 
synthesized with their existing knowledge to be applied in solving the given problem. Students are guided by 
cognitive coaches or floating facilitator through the PBL cycle to learn and solve the problem.  
Hence, CPBL model is the integration of CL into the PBL cycle [7] as shown in Figure1., Two premises in 
constructive alignment is grounded to develop the CPBL model, which are 1) constructivism, where student 
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constructs meaning through his/her learning activities and 2) instructional design that aligns learning outcomes of 
teaching and learning activities, as well as assessment task [8]. The CPBL learning environment is underpinned 
by four principles; constructive alignment, PBL as a philosophy, cooperative learning and how people learn 
(HPL) framework. The CPBL framework is scaffolding that successfully provides a step by step guide on how to 
go through each phase of the process. Referring to Figure 1, the typical CPBC cycle consists of 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1: Cooperative Problem-based Learning Framework [7] 
 
• Phase 1 : Problem restatement and identification 
• Phase 2 : Peer teaching, synthesis of information, and solution formulation 
• Phase 3 : generalization, closure and reflection 
 
In each phase, the individual activities are designed to enhance learning and accountability, followed with team-
based activities and finally in the overall class activities to form a learning community.  
3. Research Questions  
This study attempted to assess the students’ knowledge and behaviour toward practicing sustainable lifestyles 
after undergoing cooperative problem-based learning as teaching and learning approach. This study addressed the 
following research questions and associated hypotheses; 
 
• Is there any significant difference between male and female in developing students’ knowledge-
behaviour in relation to sustainable development? 
 
Null hypothesis 1: There is no significant difference between male and female students in developing 
students’ knowledge-behaviour in relation to sustainable development.  
*
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• Is there any significant difference between students’ knowledge in relation to sustainable development 
before and after undergoing the case study? 
 
Null hypothesis 2: There is no significant difference between students’ knowledge in relation to sustainable 
development before and after undergoing the case study. 
• Is there any significant difference between students’ behavioural changes in practicing sustainable 
lifestyles before and after undergoing the case study? 
 
Null hypothesis 3: There is no significant difference between students’ behavioural changes in practicing 
sustainable lifestyles before and after undergoing the case study.  
4. Research Methodology 
The study was carried out among a group of 120 first years chemical engineering students (45% male and 55 
% female) took ‘Introduction to Engineering’ course. The course introduced topic on sustainable development 
through a case study. They were required to answer the same questionnaire at the beginning and end of the 
semester to determine their levels of knowledge and behavioural changes2010/2011. The instrument consists of 
25 items of five parts (demographic, sustainable issues, content knowledge, pro-self and pro-social) has been 
tested for goodness fit of model through the analysis of structural equation model using AMOS [11].  
4.1. Description of a Case Study and Procedure 
Students were divided into team of no more than five. Each team is required to full fill all the stages, rules, 
regulations and finally competed with other teams for the grand prize in a solid waste management campaign 
day. The project was designed to integrate the three pillars of sustainable development along with the students 
completed all the stages as showed in Table 1.  
Table 1: Stages of Project 
Stages Title Duration 
1 Waste Characterization and Benchmarking 2 weeks 
2 Life Cycle Assessment (LCA) 4 weeks 
3 Propose Engineering Solution Based 
on 3R Concept 4 weeks 
4 Campaign Day 1 day 
 
Each team should proposed engineering solution to reduce, reuse and recycle (3Rs) of waste and required to 
choose the area of study where they currently live (e.g. their campus area). Throughout the period, they are given 
the privilege to acquire expert consultation from an experienced researcher working in the field via online forum. 
In addition, they are also encouraged to seek other expert consultation such as from academicians, environmental 
consultants, etc. At the end of each stage, they should submit their staggered progress report and mini 
presentation will be held for the selected team. Advisor also will be appointed to guide the participating teams 
throughout the competition. 
Finally, they are required to submit a comprehensive final written proposal that followed the proposal 
specifications guidelines. In addition, latest technologies as well as applied research, designed to provide benefits 
to persons who generate waste and to public and private entities responsible for reducing, reusing and recycling 
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of waste can be considered. The proposal should call for an increase in the ratio of recyclable materials, further 
reusing of raw materials and manufacturing waste, and overall reduction resources and energy used. Nonetheless, 
all materials used in the proposal should be clearly and properly cited. The winning proposals are viewed to be 
most environmentally-sound as well as economical viable based on 3R concept. Through the CPBL learning 
environment, students will develop and understand the principles of sustainable development and how it applies 
over the whole life of a product from raw material through design, manufacture, use and final disposal. 
 
Table 2. Summary of CPBL Phases and Learning Activities 
Stages CPBL Cycle Learning Activities 
1,2 & 3 
Phase 1 : Problem restatement (PR) and 
identification (PI) 
 
Individual PR and PI 
Team PR and PI 
Class Discussion 
Phase 2 : Peer teaching (PT), synthesis 
of information, and solution 
formulation 
Individual PT notes 
Team PT notes 
Class PT (selected team) 
Phase 3 : generalization, reflection and 
closure 
Individual Reflection 
Peer and self –rating, Final report 
4.2. Teaching and Learning Activities 
During completing the case study, students were exposed to CPBL model as their teaching and learning 
approach. Figure 1, Table 1 and Table 2 show the connection among CPBL phases, sustainable case study and 
learning activities. The activities for each stage were designed to be aligned with CPBL phases. Since this 
learning environment is very new to the students, a dedicated tutor or floating facilitator will be around to 
facilitate during class time. A series of discussion will be held outside the classroom in order to produce a final 
report and presentation for the case study. In all activities (individual, team and class), CL principles were 
integrated into PBL cycle to form a successful team. Therefore, students must be in functional teams so that they 
can harmoniously cooperate and support one another.  
4.3. Assessment Tools 
4.3.1. Structured of Observed Learning Outcomes (SOLO) Taxonomy 
A schema of conceptual development based on Jean Piaget’s work was called the Structure of Observed 
Learning Outcomes (SOLO) taxonomy. It depicted conceptual development as a series of five successive stages. 
In this study, this schema was used as an indicator to assess and observe students’ knowledge related to 
sustainability. Table 1 shows the levels and stages of students’ learning in relation to sustainability based on 
SOLO taxonomy. 
             Table 3. Stages of SOLO Taxonomy, Indicators of Likert Type Scales and Levels of Learning 
Levels Stages of Solo Taxonomy Indicators of Likert Type Scales 
1 Pre-structured 1.No knowledge 
2 Uni-structured 2.Understand and can descried briefly 
3 Multi-structured 3.Understand and can discussed about sustainability 
4 Relational 4.Can integrate and make argument about sustainability 
5 Extended Abstract 5.Expert and can explain to others 
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4.3.2. Precaution Adoption Process Model (PAPM) 
The Precaution Adoption Process Model (PAPM) of changing individual behaviour which consists of seven 
stages were used as level of agreement in instrument to assess students’ behavioural in practicing sustainability. 
The model asserts that people usually pass through this sequence in order.  By implementing this model, 
researcher has classified students’ behavioural changes into three levels of mode as low, moderate and high 
which aligned with theory of behaviourism that acting, thinking and feeling can be regarded as level of 
behaviour. ‘Low level’ is identified as feeling of a person who is unaware and aware but does not engaged in 
sustainable lifestyles, stage 1 and 2. While, ‘moderate level’ is identified as thinking of a person who has an 
interest to engage in sustainable lifestyles but still not to contribute, stage 3,4 and 5. And ‘high level’ is identified 
as acting of a person who has contributing and practicing sustainable lifestyles as a part of their life, stage 6 and 
7. Likert type scales were developed from stages of PAPM and converted into 5 scales as shown in Table 2. 
Three levels of behavioural changes were also determined. 
Table 4: Stages and levels of Individual Behaviour Change (Weinstein & Sandman, 1988) 
Stages of PAPM Indicators of 
Likert Type Scales 
Levels of 
Behavioural Changes 
• Unaware of the 
sustainable 
issues 
• 1.Unaware on issues 
 
Low • Aware but not 
personally 
engaged 
• 2.Aware on issues but not to engaged 
• Engaged and 
trying to decide 
what to do 
• 3.Have an interest to engage but not sure to 
contribute 
 
 
Moderate 
• Decided not to 
act 
• Decided to act 
but not yet 
having acted 
• 4.Decide to contribute but still not to practice  
• Acting 
• 5. Practicing as a part of lifestyles 
 
High 
•  Maintenance 
 
5. Data Analysis and Results 
Table 5 and Table 6 show the students’ scores and statistical analysis at the beginning and end of the semester. 
Statistical package PASW 18 was used to conduct statistical test.   The mean scores of these responses were 
compared and contrasted in the analysis. The data were tested for normality where the values of skewness and 
kurtosis ratios are at the range between +2 and -2. The Cronbach alpha reliability test showed an average 
coefficient of 0.846. With this level of reliability, all items in the questionnaire were included to obtain an overall 
satisfaction score of each respondent. A probability of 5% (p=0.05) was considered as the significant level for all 
statistical test. As indicate in Table 5, the effect sizes of all the comparison are greater than 0.8. A negative mean 
indicates that the mean score at the beginning of the semester is lower than the mean score at the end of the 
semester. This means that the results have a strong impact to the study. 
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Research Question 1 
Is there any significant difference between male and female on developing students’ knowledge-behaviour in 
relation to sustainable development? 
Null hypothesis 1: There is no significant difference between male and female on developing students’ 
knowledge-behaviour in relation to sustainable development.  
   The results from Table 5 show that all the significant values of probability test are more than 0.05 and 
accepting the null hypothesis. The analysis shows that there are no significant difference on students’ perception 
on knowledge and behaviour towards sustainability according to gender. Percentages of improvement in male 
perceptions are higher in all construct excluding for pro-social. 
 
Table 5. Results of t- test of significant difference 
Construct Gender Mean Before-After % of 
improvement 
Std. Deviation t Sig. (2-tailed) 
Issues Male 
Female 
2.689 – 3.815 
2.636 – 3.682 
0.412 
0.397 
0.834 – 0.590 
0.623 – 0.616 
0.395 
 
0.694 
 
Content 
knowledge 
Male 
Female 
1.407 – 3.123 
1.596 – 3.227 
1.220 
1.022 
0.656 – 0.747 
0.748 – 0.793 
-1.451 0.149 
Pro-self Male 
Female 
2.329 -3.491 
2.337 – 3.447 
0.499 
0.475 
0.703 - 0.815 
0.669 – 0.702 
-0.067 0.947 
Pro-Social Male 
Female 
2.346 – 3.352 
2.460 – 3.556 
0.429 
0.446 
0.952 – 0.979 
0.847 – 0.783 
-0.693 0.489 
 
 
Research Question 2  
Is there any significant difference between students’ knowledge in relation to sustainable development before 
and after undergoing the case study? 
Null hypothesis 2: There is no significant difference between students’ knowledge in relation to sustainable 
development before and after undergoing the case study. 
The results are considered as reject null hypothesis 2. The case study does result in a significant increase in 
students’ knowledge. The mean scores of students’ knowledge on environmental issues and conceptual 
knowledge are presented in Table 6.  The paired sample t-test illustrated that there are significant differences of 
means of knowledge between the beginning and end of the semester based on a 95% confidence level (p<0.05). 
Referring to Table 6, the mean scores on environmental issues  increased significantly from pre-test to post-test 
(M=-1.08, SD=0.598), t (119) = (-20.012), p< 0.05. While the mean scores on conceptual knowledge increased 
significantly from pre-test to post-test (M=-1.67, SD=0.697), t (119) = (-26.221), p<0.05. Between both subscales 
of knowledge, students achieved high percentage of knowledge development on conceptual knowledge. These 
results prove that students have a very limited prior knowledge about the meaning and principles of sustainable 
development at the beginning of the semester. After undergoing the project, they increased their conceptual 
knowledge from scale 2(understand and can describe briefly) to 3(understand and can discussed about 
sustainability), referred to Table 3. Analyse result using SOLO taxonomy revealed that at the beginning of the 
semester, students have very limited knowledge about sustainable development but after involved this sustainable 
case study, they are able to understand and willing to discuss about sustainable issues. This means that the CPBL 
approach has positively developed students’ knowledge towards understanding about sustainable development. 
Pre and post-test revealed that when students were taught using CPBL and experienced with a case study, they 
not only construct knowledge within themselves but also on how they co-construct knowledge with others. 
Students gain valuable knowledge when they are required to identify the learning issues for each stages of the 
case study.  Figure 4 shows that knowledge was manifested as the students construct rigorous conceptual 
understanding about sustainable development through the case study. 
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Research Question 3 
Is there any significant difference between students’ behavioural changes in practicing sustainable lifestyles 
before and after undergoing the case study? 
Null hypothesis 3: There is no significant difference between students’ behavioural changes in practicing 
sustainable lifestyles before and after undergoing the case study.  
 
Table 6: Results of t-test of Significance of Differences in Test Scores 
 
Paired Differences 
t df 
Sig. (2-
tailed) 
 
 
Effect 
size 
Mean 
Std. 
Deviation 
Std. Error 
Mean 
95% Confidence 
Interval of the 
Difference 
Lower Upper 
Sus. Issues Before - After -1.08 0.592 0.054 -1.189 -0.975 -20.012 119 .000* 1.624 
Sus. Concept Before - After -1.67 0.697 0.064 -1.796 -1.543 -26.221 119 .000* 2.257
Pro-self Before - After -1.05 0.712 0.065 -1.179 -0.921 -16.155 119 .000* 1.429
Pro-social Before - After -1.08 0.799 0.073 -1.219 -0.931 -14.747 119 .000* 1.216
*Sig.(2-tailed) with confidence interval is p<0.05 
The results are considered as reject H3o. The case study does results in a significant increase on promote 
students’ behavioural changes in practicing sustainable lifestyles. Table 6 shows the mean scores of students’ 
behavioural changes on pro-self and pro-social. The mean scores on pro-self increased significantly from pre-test 
to post-test (M=-1.05, SD=0.712), t (119) = (-16.115), p< 0.05. While the mean scores on pro-social increased 
significantly from pre-test to post-test (M=-1.08, SD=0.697), t (119) = (-26.639), p<0.05. It was observed that the 
students’ behavioural changes were improved from scale 2(aware on sustainable issues but not to engage) to 
3(have an interest to engage but not sure to contribute) for both on pro-self and pro-social. It showed that the 
sustainable case study has slightly positive indicator to promote students’ behavioural changes from ‘feel’ to 
‘act’. Students’ behavioural changes have improved from the level of awareness on sustainable issues to the low 
level of thinking on sustainable issues. This means that there are some external influences needed to inculcate on 
students activities.  Involvement in sustainable case study only is not enough to improve students’ behavioural 
changes. Therefore, educators or institutions should create more activities or programmes related to sustainability 
that will invite participation of the students.  
6. Conclusion 
The implementation of CPBL in the case study shows positive results in developing and improving students’ 
knowledge and behavioural changes in practicing sustainable lifestyles. In conducting the case study using CPBL 
approach has successfully achieved the course objectives. It provides a proper and systematic guidance for the 
new students to cooperate in a team to solve realistic problems. Through the CPBL phases and scaffolding 
teaching strategy have developed the students to become an independent and self-regulating learner and problem 
solver. Students are not only exploring their own knowledge and deep understanding about the environment and 
economic aspects but also about the social. These findings also found that through experience of learning 
activities, students move to a better sustainable person. The study presents an innovative good practice in 
delivering education about sustainable development. Learning sustainable development needs effective teaching 
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approach with appropriate learning environment. Issues on sustainable development are very critical and educator 
should select effective teaching and learning approach to instil sustainability on students’ knowledge and 
behavioural changes in practicing sustainable lifestyles. 
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